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50% of the open reading frames (ORFs) have been linked the session chairman allows. The protagonists become
ever more flushed and resentful, and the audience lookto a known function. Even within the genome of E. coli,
on with either bemusement or amusement, dependingthe most extensively studied bacterium, less than two-
on whether it is the first time they have witnessed suchthirds of the annotated protein-coding genes showed
a scene or whether they are regular spectators. Thissignificant similarity to genes with ascribed functions.
sort of thing gives the field a bad name, which is a shameThese data, suggesting an overwhelming amount of in-
since it is not only of great intellectual interest, but alsoformation in the form of ORFs, could be useful for bio-
of considerable practical importance. It also explainstechnological, pharmaceutical, and research sciences
why meetings on stem cells are not held very often.and may also provide clues to the early evolution of life
As a way of bringing, if not lasting peace, at least aon earth.
temporary cessation of hostilities, I propose a stem cellExtremophiles would have been strengthened by a
manifesto of ªmore experiments, less philosophy.º Es-broad overview of the field beyond the cultured organ-
sentially all the important concepts about stem cellsisms, including information of not-yet-cultured organisms
were published in the 1960s and early 1970s, and thisand potential uses of genome comparisons to identify
early work is still worth reading and relevant todayÐfeatures that are shared by the various ªextremophiles.º
names like Leblond, Lajtha, Till, and McCulloch comeHowever, the in-depth descriptions of growth conditions
to mind immediately. Yet some people are still so busyand isolation techniques will aid microbial ecologists in
worrying about how to define a stem cell that they failthe isolation of as-yet-uncultured organisms with DNA
to grasp the important advances that are taking placesequence homologies to cultured organisms discussed
at an ever faster pace around them. Chris Potten de-in the text. While gene sequence information was not
serves the accolade of ªthe world's greatest living stemdiscussed in the text of Extremophiles, those who
cell philosopherº and his recent book Stem Cells shouldwould benefit most from the book are scientists using
be the final word of the philosophical era. The experi-gene-based probes to study microbial ecology, genome
mental era is already well underway.sequencing teams who use known sequences for the
So what are the cells that are causing all the trouble?annotation of genomes, and biotechnology companies
In adult tissues they are cells that have essentially unlim-using sequence information for the discovery of single-
ited self-renewal capacity and also the ability to produceand multiple-gene products. In addition, researchers in-
more differentiated daughter cells. Classically stem cellsvolved in the study of microbial adaptations may find
have been studied in the hemopoietic system, epider-
the text useful. In summary, what the text highlights very
mis, testis, and gut, tissues in which there is constant
well, if in an indirect sense, is that we have much to
and rapid turnover of the cell population and in which
learn about the organisms that inhabit these ªharshº the most differentiated cells are unable to divide at all.
environments. Who are the members of the community, Now, however, there is more appreciation that stem
how do they interact, and how do they impact their cells are also present in tissues that were previously
environments? These are questions that are begging to thought to be incapable of regeneration, such as the
be addressed in the next text on ªextremophiles.º nervous system, and in those that only undergo signifi-
cant cell turnover in response to injury, such as the liver.
Developmental biologists think about stem cells a littleKarl Rusterholtz* and Mechthild PohlschroÈ der²
differently, the primary characteristic of stem cells in*Diversa Corporation
the embryo being to found specific lineages, rather thanMolecular Diversity
to self-renew; paradoxically, it is as a result of differenti-10665 Sorrento Valley Road
ation that embryonic stem cells give rise to the stemSan Diego, California 92121
cells of adult tissues.²University of Pennsylvania
Why are stem cells interesting? To understand differ-Department of Biology
entiation in many postembryonic tissues, we need toLeidy Laboratories
know what controls stem cell fate, and the specific ques-Philadelphia, Pennsylvania 19104±6018
tions to be answered are of interest to biologists in a
wide range of disciplines, from genetics, through cell
and developmental biology to pathology. In the steady
state, stem cell divisions generate an equal number of
Stem Cell Manifesto stem and differentiating daughter cells and thus stem
cells have the property of asymmetric division, whether
on a population basis or as an invariant feature of everyStem Cells
mitosis. We need to understand the extent to whichEdited by C. S. Potten
stem cell fate is determined autonomously or is subjectAcademic Press: London (1997). 512 pp., $105.00
to environmental regulation; how specific differentiation
pathways are selected; whether a given differentiation
On the rare occasions when scientists get together to state is plastic or invariant; and the relationship between
talk about stem cells, it is almost guaranteed that at the cell cycle and differentiation. Stem cells are also of
some point a heated argument will break out. It will be tremendous practical importance for tissue repair and
couched in appropriate scientific language, but the cut replacement, and for gene therapy: to achieve sustained
and thrust of the debate is instantly recognizable to any production of therapeutic genes in self-renewing tis-
three-year-old: ªI've got a stem cell,º ªNo you haven't,º sues, it is essential that stem cells are included in the
target population.ªYes I have,º ªNo you haven't,º and so on for as long as
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To appreciate the contents of Potten's 1997 book, it anything particularly new in this chapter, but it does lay
out the theoretical issues nicely and provides a strongis useful to know that in 1983 he edited a book entitled
Stem CellsÐTheir Identification and Characterisation conceptual framework into which the authors of subse-
quent chapters can place their particular stem cells.(pub. Churchill Livingstone), consisting of 10 chapters
about stem cells in a variety of vertebrate and inverte- Sadly while some authors have been conscientious
about relating their work to the theoretical models, oth-brate systems. Ten years later he decided to revisit the
topic and review what progress had been made. Some ers have largely ignored them, and as a result the book
is little more than a series of monographs on particularof the chapters in the present book are by the original
authors, but the majority are by new contributors. In the tissues.
Chapters 2 and 3 of the book deal with stem cells inpreface Potten is very frank about the imperfections of
the book, in particular his failure to persuade anyone the root and shoot meristems of higher plants, and both
authors (Barlow, Francis) make an admirable effort toworking on Drosophila (or indeed any other genetically
tractable animal) to contribute and the long delay in stick to the agenda set by Potten. The rest of the book
is devoted to vertebrate, primarily mammalian, tissues,gathering in all the commissioned chapters. Potten apol-
ogizes to those who got their chapters in on time and with only one chapter that focuses on development,
namely the properties of pluripotential neural crest stemreaders can't help but sympathize with the plaintive cry
of one author (page 72): ªI wrote this paper in 1993Ð cells (Dulac and Cameron-Curry), and one that considers
tumor stem cells (Kummermehr and Trott). Most of thehence, papers which have appeared since then . . .
seem to be unnoticed.º For a more up-to-date account chapters deal with classic stem cell systems: blood
(three chapters, by Lord, Heyworth et al., and Noltaof many aspects of stem cells, I recommend two other
multi-author volumes: Phil. Trans. R. Soc. Lond. B, 1998, and Kohn), stratified squamous epithelia (Miller et al.),
intestine (Wright), and the male germline (de Rooij and353, 817±933, which is based on a conference on epithe-
lial cell growth and differentiation held in October 1997, van Dissel-Emiliani). These are complemented by ac-
counts of two tissues in which the stem cells are primar-and the December 1998 issue of Current Opinion in Cell
Biology, which I edited with Elaine Dzierzak. In addition, ily recruited as a response to injury, rather than being
required for day-to-day tissue maintenance: musclestem cell regulation is elegantly covered by Morrison et
al. (1997). (D. J. Watt and G. E. Jones) and liver (Grisham and
Thorgeirsson). In the remaining chapters, the case isThe book begins with a chapter by Chris Potten and
his collaborator Markus Loeffler that attempts to set put for the existence of stem cells in the breast (Rudland
et al.) and vascular endothelium (Schor et al.).the tone of the book by dealing with definitions and
theoretical concepts. A central tenet is that there are Each chapter begins with a description of the particu-
lar tissue, some of the authors putting considerable ef-three cell populations in stem cell tissues: the stem cells
themselves, transit cells, and maturing cells. Transit fort into tabulating the available markers of stem cells
and their differentiated progeny and explaining the de-cells are capable of proliferation, but unlike stem cells
they have a limited capacity to divide and may be start- velopmental origin of the tissue. This is usually followed
by an account of the in vivo and in vitro stem cell assaying to express differentiation markers (examples would
include the committed progenitors of the different he- systems available and a discussion of the known intrin-
sic and extrinsic regulators. In terms of in vivo models,mopoietic lineages). Maturing cells are the progeny of
transit cells; they are unable to divide and they express very little is said about transgenic mice, a glaring omis-
sion in view of the huge impact they are having in thedifferentiation markers. The function of the transit cells
is to amplify the number of cells that are produced from field (see Stappenbeck, 1998; de Rooij and Grootegoed,
1998). In vitro clonal assays, while undeniably informa-every stem cell division; for example, if a stem cell di-
vides once and its transit daughter divides three times, tive, do have their limitations, one being that the stem
cells and their progeny cannot be studied in the contextthen the number of differentiated progeny resulting from
that single stem cell division is eight. of neighboring cells. Several authors comment on the
importance of using in vivo lineage markers, althoughThe authors do not regard differentiation and matura-
tion as synonymous, differentiation being a ªqualitative this is in its infancy by comparison with the sophisticated
lineage analysis carried out by developmental biolo-change in the cellular phenotypeº (p. 2) and maturation
being a ªquantitative changeº (p. 3). This strikes me as gists. One of the appealing properties of plants high-
lighted by Barlow and Francis is that since the cellsan exercise in semantics, given that the only positive
criterion for identifying a maturing cell is expression of have rigid walls they do not glide over one another and
so you can tell the pedigree of a cell from its positiondifferentiation markers (p. 5). A further illustration of what
the experimentalists are up against is formulated on relative to its neighbors.
Given the structure of the book, it is inevitable thatpage 5: ªStem cells are defined by virtue of their func-
tional attributes. This immediately imposes difficulties underlying themes only become obvious if you are pre-
pared to read the whole thing. The importance of tran-since in order to identify whether or not a cell is a stem
cell its function has to be tested. This invariably de- scription factors as regulators of differentiation comes
across clearly in the plant chapters, where homeoticmands that the cell must be manipulated experimentally,
which may actually alter its properties.º (All experiments genes have been identified that regulate the identity of
meristems (the proliferative zones containing stem cells)suspended until further notice....)
Potten and Loeffler go through a series of quasi-math- and determine the identity of organs (such as shoots
and roots). Transcription factors are also covered toematical models to describe different aspects of the
stem to transit to maturing cell sequence. I didn't find some extent in other chapters, for example in muscle
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and liver, but this area of research is moving quickly extent to which diverse aspects of cell and develop-
mental biology inform the experimental approach is in-and so the book is rather out of date (see, for example
Jordan and Van Zant, 1998; Stappenbeck et al., 1998). creasing all the time. Thus, analysis of mammalian ho-
mologs of the genes that control asymmetric divisionsIn virtually every stem cell system, there is evidence
for regulation of proliferation or stimulation of differenti- in Drosophila and C. elegans is well underway (see, for
example, Bohm et al., 1997; Morrison et al., 1997; Lin,ation by growth factors. The importance of growth fac-
tors is probably best understood in the hemopoietic 1998). Another area of growing interest is telomerase
expression, which correlates with self-renewal potentialsystem and Heyworth et al. summarize the major hemo-
poietic growth factors and their target cells. The discus- in many cell types and could potentially regulate self-
renewal capacity (Meeker and Coffey, 1997). Furthersion of synergistic effects of combinations of growth
factors, the balance between stimulatory and inhibitory topics of direct relevance are clock mechanisms that
could control the number of rounds of division that tran-factors, and transmodulation of growth factor receptors
should inform studies of growth factors in other mamma- sit populations can undergo before they differentiate/
mature (Gao et al., 1998) and studies of how cells per-lian tissues, which is still mainly at the level of a catalogu-
ing exercise. ceive differences in the concentration of extrinsic regu-
lators (Gurdon et al., 1998). Finally, apoptosis deservesLess attention is given in the book to other aspects of
environmental regulation, in particular the extracellular serious consideration for a number of reasons: first the
strong parallels between terminal differentiation andmatrix, although this does receive some mention in the
chapters on epidermal stem cells and hemopoietic cells. apoptosis in some tissues, such as epidermis (Gandaril-
las and Watt, 1997); second, the fact that apoptosisFuller accounts of the importance of cell±cell and cell±
extracellular matrix interactions in the intestine (Ked- appears indispensable for normal spermatogenesis (de
Rooij and Grootegooed, 1998); and third, the intriguinginger et al., 1998; Stappenbeck et al., 1998), breast (Hag-
ios et al., 1998), epidermis (Watt, 1998), and hemopoiesis observation that differential sensitivity of different stem
cell populations to radiation-induced apoptosis could(Whetton and Spooncer, 1998) have appeared since the
book was written and are well worth consulting. explain the different incidences of cancer in the small
and large intestine (Potten, 1998).Adhesive interactions and secreted factors should re-
ally be considered together, for the simple reason that In summary, Chris Potten's book admirably charts the
progress from basic stem cell concepts to markers andwhere a stem cell is sitting will determine who its neigh-
bors are and thus what soluble signals it receives. This regulators. In future we need to understand how differ-
ent regulatory pathways interact and include the param-view is exemplified by recent studies of b-catenin, a
signaling molecule downstream of both the Wnt family eters of space and time. While the book format is fine
for stem cell philosophy, speed is of the essence whenof secreted factors and the classical cadherin adhesion
receptors. There is strong evidence now to suggest a disseminating experimental data as the field is moving
so fast.role in controlling epithelial stem cell fate: overexpres-
sion of b-catenin in the epidermis results in de novo hair
follicle morphogenesis (Gat et al., 1998) and stimulates
Fiona M. Wattcell division in the small intestine (Stappenbeck et al.,
Keratinocyte Laboratory1998); furthermore mice that are homozygous null for
Imperial Cancer Research FundTCF-4, one of the transcription factors that form a com-
44 Lincoln's Inn Fieldsplex with b-catenin, lack the stem cell compartment of
London WC2A 3PXthe small intestine (Korinek et al., 1998).
Practical applications of stem cells are covered to
varying degrees. Transplantation of corneal stem cells,
Referencesepidermal grafts and hair follicle transplantation are all
touched on by Miller et al. An entire chapter is devoted Bohm, H., Brinkman, V., Drab, M., Henske, A., and Kurzchalia, T.V.
to the use of hematopoietic stem cells for gene therapy (1997). Curr. Biol. 7, 603±606.
(Nolta and Kohn), and Watt and Jones discuss gene de Rooij, D.G., and Grootegoed, J.A. (1998). Curr. Opin. Cell Biol.
therapy for the treatment of Duchenne muscular dystro- 10, 694±701.
phy. In their chapter, Kummermehr and Trott define stem Gao, F.B., Apperly, J., and Raff, M. (1998). Dev. Biol. 197, 54±66.
cells in tumours ªas the biological units which have the Gandarillas, A., and Watt, F.M. (1997). Genes Dev. 11, 2869±2882.
potential of giving rise to a new tumour, either by metas- Gat, U., DasGupta, R., Degenstein, L., and Fuchs, E. (1998). Cell 95,
tasis or by tumour recurrence after therapyº (p. 363); 605±614.
while it is not clear that there is any relationship at all Gurdon, J.B., Dyson, S., and St Johnson, D. (1998). Cell 95, 159±162.
between these cells and stem cells in normal tissues, a Hagios, C., Lochter, A., and Bissell, M.J. (1998). Phil. Trans. R. Soc.
measure of their location and abundance can be used Lond. B 353, 857±870.
to determine optimal radiation doses in cancer patients. Jordan, C.T., and Van Zant, G. (1998). Curr. Opin. Cell Biol. 10,
In the treatment of hematological cancers, growth fac- 716±720.
tors are being exploited for ex vivo expansion of stem Kedinger, M., Lefebvre, O., Duluc, I., Freund, J.N., and Assman, P.
(1998). Phil. Trans. R. Soc. Lond. B 353, 847±856.cells prior to transplantation, for selective protection of
stem cells, and to mobilize stem cells from the bone Korinek, V., Barker, N., Moerer, P., van Donselaar, E., Huls, G., Pe-
ters, P.J., and Clevers, H. (1998). Nat. Genet. 19, 379±383.marrow stroma to the peripheral blood (Heyworth et al.).
Lin, H. (1998). Curr. Opin. Cell Biol. 10, 687±693.What is most exciting about current stem cell research
is that while its theoretical basis is well established, the Meeker, A.K., and Coffey, D.S. (1997). Biochemistry 62, 1323±1331.
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Morrison, S.J., Shah, N.M., and Anderson, D.J. (1997). Cell 88, MMPs have been found in organisms as diverse as
287±298. plants and man, and in many tissues during develop-
Potten, C. (1998). Phil. Trans. R. Soc. Lond. B 353, 821±830. ment, repair, and disease. It is only in the last five years
Stappenbeck, T.S., Wong, M.H., Saam, J.R., Myzorekar, I.U., and that the importance of proteolysis of the ECM and cell
Gordon, J.I. (1998). Curr. Opin. Cell Biol. 10, 702±709. surface proteins as a mechanism for extracellular signal
Watt, F.M. (1998). Phil. Trans. R. Soc. Lond. B 353, 831±837. transduction has come to the fore (Werb, 1997). The
Whetton, A.D., and Spooncer, E. (1998). Curr. Opin. Cell Biol. 10, consequences of proteolysis are signals for life or death,
721±726. altered bioavailability of growth or differentiation fac-
tors, and altered cellular adhesion and organization.
What both Extracellular Matrix±Cell Interaction: Mole-
cules to Diseases and Matrix Metalloproteinases prom-
ise to deliver is a wealth of information about ECM mac-Half the Secret of Life Is outside
romolecules and their remodeling. However what both
the Cell books fail to convey is why ECM is so topical, why the
cell and molecular biology of ECM±cell interaction and
extracellular proteolysis are hot areas of research (withExtracellular Matrix±Cell Interaction: Molecules to Dis-
more than 2000 papers per year added to the literature)eases
or why newcomers may wish to enter these fields. TheEdited by Yoshifumi Ninomiya, Bjorn R. Olsen, and
now dated second edition of Cell Biology of the Extracel-Toshiro Ooyama
lular Matrix edited by Elizabeth Hay (1991) did this moreBasel, Switzerland: S. Karger AG (1998). 382 pp. $255.75
successfully. Perhaps the excitement in this rapidly ad-
vancing field can be captured only in research articlesMatrix Metalloproteinases
and journal reviews. The most seminal advances in ECMEdited by William C. Parks, and Robert P. Mecham
and MMP mechanisms have come from the genetic anal-San Diego, CA: Academic Press (1998). 362 pp. $89.00
ysis of human and mouse diseases, and from pheno-
typic analysis of induced mutations in mice. An emerg-In the nineteenth century, the extracellular matrix (ECM)
ing concept in this field is that common polymorphismswas viewed as an amorphous ªground substanceº em-
that alter transcription of ECM and MMP genes may bebedded with various types of fibers, providing support
risk factors for human diseases. Very recently commonfor cells in tissues. Early in this century, the scientific
genetic variants of the stromelysin-1 (MMP3) and colla-investigation of the structure and biochemistry of the
genase-1 (MMP1) gene promoters have been found thatECM grew out of the needs of the leather, tanning, and
alter gene expression and are associated with progres-glue industries, because the collagen-rich connective
sion of atherosclerosis (Ye et al., 1996) and tumors (Rut-tissue ECM forms the major component of skin. ªTwenty
ter et al., 1998).years ago . . . when we asked . . . students what extracel-
Still, books should be able to capture the basic con-lular matrix was they answered, `It is abundant and ex-
cepts underlying critical questions that remain to beists on the outside of cells. It is inert, does not change
answered. With the exceptions of the chapters by Krane
much but builds up a complex architecture. . . .' Today
and Zhou (p. 1) in Extracellular Matrix±Cell Interaction
they would answer, `Extracellular matrix plays an impor-
on the collagenase cleavage site mutation in type I colla-
tant role in development, cell differentiation, cancer me- gen, and the overview of Matrix Metalloproteinases by
tastasis, and pathogenesis of various disorders'º (Extra- Woessner (p. 1), both books lack the critical analysis
cellular Matrix±Cell Interactions, p. v). and speculation as to what the key questions are, or
How and why has there been such a remarkable what mechanisms govern the biologic effects. The chap-
change in the perception of the ECM? After half a century ters tend to be lists of experiments done, substrates
of toil on ECM structure, scientists realized only recently degraded, sequences mutated, often exclusively from
that the biologic unit of function is a cell and its ECM. the authors' own laboratories. Inherent to all multi-
As such, ECM is fundamental to the most important author books is some redundancy and inconsistency in
concepts in cell and molecular biology. Without ECM quality. However, the multiplicity of proteins and the
and ECM adhesion, cells fail to polarize, respond to complexity of the field are such that there is little overlap
growth factors or migrate. They are miscued, and either among chapters in these two volumes.
die or misbehave. The cell cycle, apoptosis, signal trans- Overall, Matrix Metalloproteinases is the more suc-
duction, cytoarchitecture, and differentiation of individ- cessful book. It is an encyclopedic and up-to-date com-
ual cells in isolation all require inputs from ECM. The pendium of the minute details of the literature on all the
development and morphogenesis of multicellular tis- characterized MMPs for specialists in this field. Unlike
sues require ECM for signaling, as well as for structural the earlier Matrix Metalloproteinases and Inhibitors ed-
and mechanical support. Genetic mutations and acquired ited by Birkedal-Hansen et al. (1992), it is not compre-
alterations of the ECM and its remodeling contribute hensive. The editors' decision not to include a chapter
significantly to major human disease processes includ- on the tissue inhibitors of metalloproteinases (TIMPs) is
ing arthritis, atherosclerosis, and tumor progression. unfortunate, but can be overcome by reading recent
The concept of ECM degradation was pioneered in reviews (Willenbrock and Murphy, 1994). The book
1962 by Gross and Lapiere, who found that collagenase, would also have benefited from inclusion of a chapter on
the first eukaryotic matrix metalloproteinase (MMP), was the structurally related ADAMs (the adamalysin-related
produced by cultures of resorbing tails of tadpoles un- transmembrane metalloproteinases with disintegrin do-
mains), which have important functions in modificationdergoing metamorphosis. Subsequently more than 20
